Six genera belonging to the order Sulfolobales Stetter 1989 [1] have been traditionally classified by their growth relative to oxygen: members of the genera Metallosphaera Huber et al. 1989 [2] , Sulfodiicoccus Sakai and Kurosawa 2017 [3] and Sulfolobus Brock et al. 1972 [4] are obligate aerobes; members of the genera Acidianus Segerer et al. 1986 [5] and Sulfurisphaera Kurosawa et al. 1998 [6] are facultative anaerobes; and members of the genus Stygiolobus Segerer et al. 1991 [7] are obligate anaerobes. During the revision of this paper, a seventh genus of the order Sulfolobales, Saccharolobus Sakai and Kurosawa 2018 has been described [8] . Recently, we isolated a hyperthermophilic and acidophilic archaeon, strain KD-1 T , from an Indonesian hot spring which is closely related phylogenetically to Sulfurisphaera ohwakuensis TA-1 T . Sulfurispahaera ohwakuensis Kurosawa et al. 1998 , the sole species of the genus Sulfurisphaera, was isolated from a Japanese hot spring and described in 1998 as a novel species of a novel genus [6] . In this paper, we taxonomically characterize KD-1 T and propose that this strain represents the second species of the genus Sulfurisphaera Kurosawa et al. 1998 . On the other hand, the 16S rRNA gene sequence of T is also similar to those of Sulfolobus yangmingensis YM1
T and Sulfolobus tokodaii 7 T . Sulfolobus yangmingensis Jan et al. 1999 and Sulfolobus tokodaii Suzuki et al., 2002 were described in 1999 and 2002, respectively, as novel species of the genus Sulfolobus Brock et al. 1972 based on their obligatory aerobic growth [9, 10] . Sulfolobus tokodaii 7
T was previously known as Sulfolobus sp. strain 7 and Sulfolobus acidocaldarius strain 7 [10, 11] . However, the 16S rRNA gene sequences of Sulfolobus yangmingensis YM1 T and Sulfolobus tokodaii 7 T are extremely similar to that of Sulphurisphaera ohwakuensis TA-1 T (>99 %). Therefore,
given the novel isolate and in determining its taxonomy, we also carefully re-examined Sulfolobus tokodaii T were routinely cultivated at 80 C in MBSY medium adjusted to pH 3.5, 2.0 and 2.5, respectively. In growth tests, 50 µl of cultures at exponential growth phase were transferred into 10 ml medium. Cell growth was determined by measurement of OD 600 or by direct cell counting using a Thoma counting chamber. Cell growth was monitored for four weeks.
In order to determinate the optimal growth temperature of KD-1 T , the isolate was cultured at 55-90 C at intervals of 5 C and at 91 C at pH 3.5. The optimal growth pH of KD-1 T was examined at 80 C. The pH of the medium was set to pH 2.0-6.5 at intervals of 0.5 pH units. In addition, the growth temperature and pH ranges of the reference strains were reconfirmed. For determination of temperature range, Sulfurisphaera ohwakuensis TA-1 T and Sulfolobus tokodaii 7
T were cultured at 55-90 C at intervals of 5 C and from 90-97 C at intervals of 1 C at pH 2.0 and 2.5, respectively. For determination of pH range, the type strains were cultured at pH 1.0-2.0 and 5.0-6.5 at intervals of 0.5 pH units at 80 C.
The cell morphology and flagella of the strains were examined by phase-contrast microscopy (Axioskop 40; Carl Zeiss) and scanning electron microscopy (JSM-7500F; JEOL) during exponential growth phase. To examine NaCl tolerance, the strains were cultured in MBSY medium supplemented with 0.5-3.0 % (w/v) NaCl at intervals of 0. ) was added as an O 2 indicator. The strains were incubated at 80 C in the presence of the following headspace gases: N 2 (110 kPa) and H 2 /CO 2 (80 : 20, 110 kPa). The replacement of headspace gases was performed by using the technique of Balch et al. [12] . Fermentative growth of the strains was also tested using MBSY medium without any inorganic electron acceptors (S 0 and FeCl 3 ) in the same manner. Chemolithoautotrophic growth of the strains was examined under aerobic conditions using MBSV medium to which each of the following substrates was added: S 0 (10 g l Core lipids were isolated from stationary phase cells of KD-1 T , reference strains (Sulfurisphaera ohwakuensis TA-1 T and Sulfolobus tokodaii 7 T ) and Sulfolobus acidocaldarius DSM 639
T according to the methods of Sugai et al. [14] . These core lipids were applied to TLC silica gel plates (Silica Gel 60 F254 Aluminium Sheets; Merck) and were analysed by chromatography by ascending runs with the following solvent systems: first step, chloroform/methanol (4 : 1, v/v, up to 2 cm from the origin); second step, hexane/ ethyl acetate (7 : 3, v/v, up to 5.5 cm from the origin). The TLC plate was dipped in 5 % H 2 SO 4 and was blotted using a paper towel, followed by drying at 50 C for 1 min and heating at 160 C for 10 min to develop spots.
To determine the DNA G+C content, genomic DNA of KD-1 T was extracted as described by Marmur [15] and analyzed at Techno Suruga Laboratory (Shizuoka, Japan) using HPLC after digestion of the DNA with nuclease P1 [16] . These analyses were performed in triplicate.
Almost full length 16S rRNA and 23S rRNA genes of KD-1 T and Sulfurisphaera ohwakuensis TA-1 T were amplified by PCR using the following primers: A21F (5¢-TTCCGGTTGA TCCYGCCGGA) and U1492R (5¢-GGYTACCTTGTTAC-GACTT) for the 16S rRNA genes, 23Sul56F (5¢-GC GGCAAGYGGCGAWAT) and 23Sul3000R (ATTGGG AGKSGCGGGCTRAA) for the 23S rRNA genes, and A1400F (GTCCCTGCTCCTTGCAC) and 23Sul884R (GAACGAATTGCACGTCAGAA) for the 3¢ end of the 16S rRNA genes and 5¢ end of the 23S rRNA genes. 16S and 23S rRNA gene sequence similarities between KD-1 T and published sequences of type strains of species with validly published names were estimated by using the EzTaxon [17] and GENETYX-Version 12 programs. Phylogenetic trees of 16S rRNA genes within the order Sulfolobales Stetter 1989 were reconstructed using MEGA6 software [18] . After aligning the sequences of each gene by using the CLUSTAL W program, gaps and unalighned regions at the 5¢ and 3¢ ends were deleted. The neighbor-joining [19] and maximum-likelihood [20] methods were used to reconstruct phylogenetic trees. The evolutionary distance values were estimated using Kimura's 2-parameter model [21] . The robustness of the phylogenetic trees was determined using the bootstrap method [22] with 1000 replicates.
KD-1
T grew at temperatures from 60 to 90 C. Optimum growth temperature was 80-85 C. The pH range for growth of KD-1 T was pH 2.5-6.0. Optimum pH was 3.5-4.0. The growth parameters of the reference strains were reconfirmed. The temperature ranges for growth of Sulfurisphaera ohwakuensis TA-1 T and Sulfolobus tokodaii 7 T were 60-91 C and 60-96 C, respectively. It is interesting that the type strain of Sulfolobus tokodaii 7 T obtained from the DSMZ grew at a higher temperature than previously reported [10] in triplicate experiments. To confirm that the Sulfolobus tokodaii 7 T used in this study was correct, the almost full length 16S rRNA gene (nucleotide positions 16-1452) of the strain used was sequenced and was 100 % identical with the published sequence for Sulfolobus tokodaii (accession number: BA000023). Growth pH ranges of both strains were 1.5-6.0. These growth conditions were similar to those reported for Sulfolobus yangmingensis YM1 T (65-90 C, pH 2.0-6.0, T were able to grow in the presence of NaCl at concentrations of up to 1.0, 0.5 and 1.5 % (w/v), respectively, whereas no data are available for Sulfolobus yangmingensis YM1
T .
Under the phase-contrast microscope and the scanning electron microscope, cells of KD-1 T at exponential phase were irregular cocci (Fig. 1a, b) . Cell sizes were determined by electron microscopy. The diameters of cells of KD-1 T , Sulfurisphaera ohwakuensis TA-1 T and Sulfolobus tokodaii 7
T were 0.9-1.3, 0.9-1.3, 1.0-1.3 µm, respectively (Fig. 1b-d T revealed that these strains contained apparently identical core lipids (Fig.  S2) containing calditoglycerocaldarchaeol (CGTE) [23] and caldarchaeol (DGTE) [24] . Sulfolobus yangmingensis YM1
T has been reported to have the same core lipids [9] . The DNA G+C content of KD-1 T was 30.6 (±0.1) mol%. This value is close to those for Sulfurisphaera ohwakuensis TA-1 T and Sulfolobus tokodaii 7 T (32.9 ±0.8 and 32.8 mol%, respectively), whereas a relatively high G+C content (42±1.5 mol%) has been reported for Sulfolobus yangmingensis YM1
T [9] . T (data from Jan et al. [9] ). ND, no data reported; IC, irregular cocci; +, positive; À, negative. 
*Growth tests were performed under aerobic conditions. †Data from Kurosawa et al. [6] . ‡Data from Suzuki et al. [10] .
Tsuboi [1907] [1908] [1909] [1910] [1911] [1912] [1913] of 98.65 %, proposed by Kim et al. [25] . Sequence identities of the 23S rRNA gene sequences of KD-1 T and related species were 96.5 % for Sulfurisphaera ohwakuensis TA-1 T and 96.4 % for Sulfolobus tokodaii 7 T . Phylogenetic analysis using the maximum-likelihood and neighbor-joining methods based on the 16S rRNA (Figs 2 and S3 ) always clustered Sulfurisphaera ohwakuensis TA-1 T , Sulfolobus tokodaii 7 T and Sulfolobus yangmingensis YM1 T closely together with high bootstrap values. The KD-1 T sequence was more distant, but clearly clustered with Sulfurisphaera ohwakuensi TA-1 T , Sulfolobus tokodaii 7 T and Sulfolobus yangmingensis YM1
T to the exclusion of other members of the genera Sulfolobus or Stygiolobus. Thus, KD-1 T is not phylogenetically affiliated with any described species.
Characteristics of KD-1 T and the reference strains are listed in Table 1 . On the basis of the morphological, physiological, chemotaxonomic and phylogenetic data, KD-1 T represents a novel species of the genus Sulfurisphaera Kurosawa et al. 1998, for which the name Sulfurisphaera javensis sp. nov. is proposed. Additionally, on the basis of its phylogenetic position and new data obtained in this study, we also propose reclassifying Sulfolobus tokodaii Suzuki et al., 2002 as Sulfurisphaera tokodaii comb. nov. We considered proposing the reclassification of Sulfolobus yangmingensis Jan et al. 1999 as a member of the genus Sulfurisphaera Kurosawa et al. 1998 on the basis of phylogenetic evidence and similar reported phenotypic features to those of members of the genus Sulfurisphaera (e.g. growth temperature, pH, and chemolithoautotrophic growth). However, since the type strain of Sulfolobus yangmingensis Jan et al. 1999 is only deposited in one culture collection (BCRC) at the present, and we were unable to order the strain, we do not currently propose its reclassification in compliance with the Prokaryotic Code Rules 27 and 30 [26] .
EMENDED DESCRIPTION OF THE GENUS SULFURISPHAERA KUROSAWA ET AL. 1998
The description is as given by Kurosawa et al. [6] with the following amendments. Cells grow at 60-96 C, pH 1.5-6.0 and 0-1.5 % (w/v) NaCl concentration. The cells are irregular cocci with a diameter of approximately 1 µm. The DNA G+C content is 30.6-33.7 mol%. The main core lipids are 
EMENDED DESCRIPTION OF
The description is as given previously by Kurosawa et al. [6] with the following amendments. The growth temperature and pH ranges are 60-91 C and pH 1. 
